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I
n the early 1980s, shortly after techniques for culturing Chlamydia trachomatis became available, program data and expert opinion suggested that C. trachomatis coexisted in up to 45% of patients infected with Neisseria gonorrhoeae (1) . On the basis of these estimates, the U.S. Centers for Disease Control and Prevention (CDC) first suggested (1) and then formally recommended (2) that all patients treated for gonorrhea should also be treated for chlamydia. Presumptive chlamydia treatment in patients treated for gonorrhea (that is, co-treatment) has remained the standard of care, a recommendation recently renewed in the CDC Sexually Transmitted Diseases Treatment Guidelines, 2002 (3).
Co-treatment was proposed as a strategy for chlamydia control at a time when chlamydia culture was performed only in research settings. Over the past two decades, diagnostic testing for C. trachomatis has dramatically improved (4) . Nonetheless, many public clinics do not routinely test for C. trachomatis. Furthermore, even clinics that do test for chlamydia tend to use less sensitive, earlier-generation tests (enzyme immunoassay, DNA hybridization tests) (5) because the newer, more sensitive nucleic acid amplification tests (such as polymerase chain reaction [PCR] ) are more expensive. To date, there are no accurate, rapid, point-of-care tests for chlamydia. Consequently, rapid testing (Gram stain, predominantly in men) is used for gonorrhea but not for chlamydia, and sensitive testing for gonorrhea remains more accessible in everyday practice than does chlamydia testing, particularly in public health settings where reimbursement for amplification tests is typically not available.
The prevalence of sexually transmitted diseases (STDs) in the United States has changed notably since 1982, when co-treatment was introduced. Reported rates of gonorrhea in the United States have declined steadily from 418 per 100 000 persons in 1982 to 149 per 100 000 persons in 1995 to 129 per 100 000 persons in 2001 (6) . National chlamydia trends have been difficult to determine because of increases in screening, test sensitivity, and case reporting. In regions where screening in women has been implemented for several years, rates of chlamydial infection seem to have decreased (6) . If the prevalence of chlamydia among patients treated for gonorrhea has substantially decreased, co-treatment may no longer be indicated as a clinical or public health strategy.
Despite the changes in testing technology and infection prevalences, few current data are available on the prevalence of chlamydia among patients treated for gonorrhea.
However, over the past decade, estimates of chlamydial infection among persons infected with gonorrhea (that is, co-infection) have varied widely, ranging from 9% to 50% among men and 24% to 67% among women (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) . Most of these studies, however, included small numbers of patients (7) (8) (9) (10) (11) (12) or used less sensitive chlamydia tests (13) (14) (15) (16) (17) . Furthermore, they addressed only the epidemiologic question of co-infection. Since treatment decisions must often be made before test results are available, the prevalence of chlamydia among patients treated for gonorrhea is more relevant than the prevalence among patients ultimately found to be infected with N. gonorrhoeae.
Our analysis had two objectives. First, to investigate co-infection, we sought to determine the prevalence of chlamydia among patients at STD clinics who were infected with N. gonorrhoeae. Second, to assess the appropriateness of co-treatment, we sought to determine the prevalence of chlamydia among patients at STD clinics who were treated for gonorrhea, including those treated presumptively as sex partners of gonorrhea-infected persons.
METHODS

Study Design
We performed a cross-sectional analysis using baseline (enrollment) data collected from July 1993 through October 1995 for Project RESPECT, a randomized, controlled trial of counseling interventions (22) . The trial was conducted among patients from public STD clinics in Baltimore, Maryland; Denver, Colorado; Long Beach, California; Newark, New Jersey; and San Francisco, California. All English-speaking patients at least 14 years of age who came to the clinics for an STD examination (evaluation of symptoms, screening or routine care, or contact with an infected partner) and who reported penile-vaginal intercourse during the preceding 3 months were asked to participate. Participants found to be infected with HIV and men who identified themselves as homosexual or reported having a male sex partner during the preceding 12 months were excluded. All participants gave written, informed consent, and the institutional review boards at each site reviewed and approved the protocol. Overall, 43% of eligible patients agreed to participate in the 12-month intervention and follow-up. Study participants were routinely tested for gonorrhea, chlamydia, and several other STDs.
Definitions
For this analysis, we defined gonococcal infection as a positive culture for N. gonorrhoeae from a urethral or endocervical swab in men or women, respectively. We defined chlamydial infection as a positive PCR result from a urine specimen or endocervical swab in men or women, respectively. We included all participants with conclusive test results from both a gonorrhea culture and a chlamydia PCR.
Nongonococcal urethritis was defined as the presence of at least 5 polymorphonuclear leukocytes per high-power field and absence of gram-negative intracellular diplococci on Gram stain. Mucopurulent cervicitis and pelvic inflammatory disease (PID) were defined according to the clinician's presumptive diagnosis at the initial visit. We considered patients to have been exposed to an STD if they had a referral card or reported that their partner was infected.
We defined indications for treatment by categorizing men and women into mutually exclusive hierarchical groups. We used this approach to 1) distinguish treatment decisions made at the initial consultation from those based subsequently on laboratory test results and 2) exclude patients who would be treated for chlamydia anyway. This allowed us to determine the prevalence of chlamydia among patients treated for gonorrhea who would not, in the absence of co-treatment, be treated with an antimicrobial regimen effective against C. trachomatis. We considered that the following patients had other indications for chlamydia treatment: men with nongonococcal urethritis (C. trachomatis is the organism most commonly associated with this disorder [23] ); women with mucopurulent cervicitis or PID (who are treated for several potential organisms, including C. trachomatis); and patients whose partners were diagnosed with chlamydia, nongonococcal urethritis, mucopurulent cervicitis, or PID.
Next, we categorized men into six groups and women into five groups on the basis of treatment indication. We considered men to have treatment indications for chlamydia if they had 1) nongonococcal urethritis by Gram stain or 2) a sex partner with chlamydia, mucopurulent cervicitis, or PID. We considered the remaining men to have treatment indications for gonorrhea if they had 3) gram-negative intracellular diplococci, 4) a sex partner with gonorrhea, or 5) a positive gonorrhea culture. The final group comprised men 6) without treatment indications for either infection.
Context
On the basis of studies of chlamydia and gonorrhea coinfection in the 1980s, guidelines recommend empirical treatment for chlamydia for patients receiving treatment for gonorrhea. The relevance of these recommendations to current practice is unknown.
Contribution
These 1995 data suggest that, in U.S. sexually transmitted disease clinics, the prevalence of Chlamydia trachomatis among patients infected with gonorrhea (20% in men, 42% in women) or treated for gonorrhea (19% in men, 35% in women) remains sufficiently high to warrant continued empirical therapy for chlamydia.
Cautions
These data are nearly a decade old. They may not apply in settings that are not sexually transmitted disease clinics. We considered women to have treatment indications for chlamydia if they had 1) a sex partner with chlamydia or nongonococcal urethritis or 2) a clinical diagnosis of mucopurulent cervicitis or PID. We considered the remaining women to have treatment indications for gonorrhea if they had 3) a sex partner with gonorrhea or 4) a positive gonorrhea culture. The final group comprised women 5) without treatment indications for either infection.
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Statistical Analysis
We compared characteristics of patients included in this analysis with those of patients enrolled in the original study. Chlamydia prevalence was determined for patients with laboratory-confirmed gonorrhea and for patients with each of the hierarchical treatment indications. For comparison between groups, we used chi-square tests and relative risks (RRs) with 95% CIs. Mantel-Haenszel weighted RRs were used to calculate summary RRs for stratified analyses, for which Greenland-Robins confidence limits were calculated. The large-sample population proportion method (24) was used to calculate 95% CIs for prevalences.
Role of the Funding Source
Project RESPECT was supported by CDC cooperative agreements. Chlamydia PCR kits were donated by Roche Pharmaceuticals, which was not involved in study design, conduct, analysis, or interpretation.
RESULTS
Study Participants
Of the 4328 patients enrolled in Project RESPECT, 443 were excluded from this analysis because they did not have conclusive results from both a gonorrhea culture and a chlamydia PCR. The remaining 3885 patients (90%), 2184 men and 1701 women, were included. Our sample was similar to the sample in the original study and to the clinic populations in that patients were young (median age, 25 years), were members of racial or ethnic minority groups (59% black, 16% Hispanic, 20% white, and 6% other), had low income (Ͻ$5000/y in 43%), and were approximately equally distributed among the five clinics (Baltimore, 18%; Denver, 26%; Long Beach, 19%; Newark, 20%; and San Francisco, 18%).
Gonococcal and Chlamydial Infections among Study Participants
Of 2184 men, 19% (range, 8% to 31%) were infected with N. gonorrhoeae, 16% (range, 9% to 21%) were infected with C. trachomatis, and 4% were infected with both organisms ( Table 1) . Of 1701 women, 9% (range, 4% to 14%) were infected with N. gonorrhoeae, 15% (range, 6% to 20%) were infected with C. trachomatis, and 4% were infected with both organisms.
Patients Infected with N. gonorrhoeae
Among patients infected with N. gonorrhoeae, C. trachomatis was detected in 20% (CI, 16% to 24%) of 411 men and 42% (CI, 35% to 50%) of 151 women ( Table 1) . The prevalence of chlamydia among patients with gonorrhea varied among the five clinics, ranging from 10% to 31% among men and from 35% to 50% among women. Among patients with gonorrhea, chlamydia prevalence was higher among men younger than 25 
Patients with Treatment Indications for C. trachomatis
Overall, 702 men (32%) and 619 women (36%) had treatment indications for chlamydia. Among these patients, 
Patients with Treatment Indications for N. gonorrhoeae
Among the 1482 men and 1082 women without treatment indications for chlamydia, 410 (28%) and 154 (14%), respectively, had treatment indications for gonorrhea. Among men, C. trachomatis was detected in 19% of 361 men with gram-negative intracellular diplococci, 11% of 18 other men with gonorrhea-infected sex partners, and 13% of 31 other men with positive gonorrhea cultures ( Table 2) . Overall, chlamydial infection was detected in 19% (CI, 15% to 22%) of 361 men with treatment indications for gonorrhea who did not have other indications for chlamydia treatment. The prevalence of chlamydia among these men was more than 2.5 times the prevalence among men without treatment indications for gonorrhea or chlamydia (7%; RR, 2.58 [CI, 1.92 to 3.47]).
Among women, C. trachomatis was detected in 31% of 106 women with gonorrhea-infected sex partners and in 44% of 48 other women with positive gonorrhea cultures ( Table 2) . Overall, 35% (CI, 28% to 43%) of 154 women with treatment indications for gonorrhea but not chlamydia were infected with C. trachomatis. The prevalence of chlamydia among these women was more than four times the prevalence among women without treatment indications for either infection (9%; RR, 4.12 [CI, 3.05 to
5.57])
. Surprisingly, it also exceeded the chlamydia prevalence among women treated for chlamydia because of exposure to C. trachomatis or presence of signs and symptoms consistent with chlamydial infection (19%; RR, 1.81 [CI, 1.38 to 2.37]).
The prevalence of chlamydia among patients with treatment indications for gonorrhea varied among the clinics, ranging from 10% to 31% among men and from 18% to 43% among women ( Table 3) . As in the analysis of patients with laboratory-confirmed gonorrhea, the prevalence of chlamydia was approximately two to three times higher among younger patients than among older patients with treatment indications for gonorrhea ( 
DISCUSSION
Because of the changing epidemiology of STDs in the United States, we anticipated that the prevalence of chlamydia among patients treated for gonorrhea might have become low enough to reconsider universal co-treatment. These data suggest otherwise. Patients with laboratoryconfirmed gonococcal infection were frequently coinfected with C. trachomatis (20% in men and 42% in women). More important, chlamydia was very common among patients with treatment indications for gonorrhea who would not, in the absence of co-treatment, have been treated for chlamydia (19% in men and 35% in women), particularly those younger than 25 years of age (25% in men and 47% in women). In fact, a clinical or epidemiologic indication for gonorrhea therapy was a surprisingly strong predictor of chlamydial infection, as strong a predictor of chlamydia for men and an even stronger predictor for women than common and more direct indicators (nongonococcal urethritis, mucopurulent cervicitis, PID, or chlamydia-infected sex partner).
All patients treated for gonorrhea in whom chlamydial infection has not been ruled out with highly sensitive tests should be co-treated for chlamydia. Differential patterns by race, ethnicity, income, or education are not appropriate criteria for treatment guidelines. Furthermore, although we studied heterosexual patients in STD clinics from 1993 through 1995, a high chlamydia prevalence has been found among other and more recent categories of patients with gonorrhea; testing for chlamydia is not sufficiently rapid, sensitive, and available to accurately identify the subset of patients treated for gonorrhea who are infected with chlamydia; and low prevalences of gonorrhea, chlamydia, or both in a specific setting may not predict low chlamydia prevalences among patients treated for gonorrhea.
Studies conducted more recently and in other settings have confirmed high rates of co-infection among most populations, supporting recommendations for co-treatment. A recent CDC study (25) enrolled patients in 1999 -2000 from three of the five clinics participating in Project RESPECT (Denver, Long Beach, and Newark) according to a similar methodology; 22% of heterosexual men and 32% of women with N. gonorrhoeae infection were co-infected with C. trachomatis (Metcalf C. Unpublished data). In a British genitourinary clinic in 1998, 24% of heterosexual men and 39% of women with gonorrhea also had chlamydia (21) . Among gonorrhea-infected women 15 to 24 years of age in the Regional Infertility Prevention Project in 2000, the median prevalence of chlamydia was 43% in family planning clinics across 20 states, 49.2% in prenatal clinics across three states, and 38% in STD clinics across 16 states (16). In a large health maintenance organization, chlamydial co-infection among gonorrhea-infected patients was diagnosed among 43% of women and 23% of men younger than 20 years of age, 29% of women and 8% of men between 20 and 25 years of age, and 22% of women and 5% of men older than 25 years of age (17). Among homosexual and bisexual men with gonorrhea who attended STD clinics, chlamydia was detected in 15% in San Francisco (19) ; 11% in Glasgow, Scotland (20) ; and 7% in London, England (21) . In the past decade, high rates of co-infection have also been documented in emergency departments (10, 11) , youth detention centers (7), and adolescent clinics (9, 12) .
The lack of rapid testing for chlamydia and the poor sensitivity and availability of many chlamydia tests compromise the utility of diagnostic chlamydia testing for determining which patients treated for gonorrhea are infected with chlamydia. First, presumptive co-treatment makes sense for patients who are treated for gonorrhea on the basis of a determination made without laboratory testing (for example, because of an infected partner or a positive Gram stain), because many such patients may not return for chlamydia test results. Second, patients with a high pretest probability of chlamydial infection may still have chlamydia despite negative results on tests that are not highly sensitive. For instance, with a chlamydia test sensitivity of 65% for nonamplification tests (26) and a prevalence of 51% among young women treated for gonorrhea because of test results (as in this study; data not shown), 27% to 28% of young gonorrhea-infected women with a negative chlamydia test result would be infected with C. trachomatis. Although chlamydia testing is valuable for case ascertainment, follow-up, and partner notification, current chlamydia tests may be inadequate for determining which patients treated for gonorrhea require co-treatment for chlamydia.
Furthermore, overall prevalences of chlamydia, gonorrhea, or both at a clinic may not be reliable determinants of whether co-treatment is appropriate in that setting. Our study was not designed to identify predictors of co-infection at the clinic level because of the small numbers of clinics and of patients with co-treatment indications in some of the clinics. Nonetheless, we noted some preliminary findings. The clinics with higher overall chlamydia prevalence were, indeed, the clinics with the higher chlamydia prevalence among patients treated for gonorrhea, an association stronger for men than for women. The gonorrhea prevalence among men, which varied greatly across clinics, was unrelated to chlamydia prevalence among patients treated for gonorrhea. Most important, low overall prevalences do not necessarily imply low rates of co-infection, particularly for women. In San Francisco, with overall prevalences among women of 6% for chlamydia and 4% for gonorrhea, 18% of those with treatment indications for gonorrhea had chlamydia. Similarly, high rates of co-infection have been observed in settings that typically have low gonorrhea and chlamydia prevalences, such as family planning clinics (16) and a health maintenance organization (17).
Although the overall chlamydia prevalence was similar among men (16%) and women (15%), chlamydia was substantially more prevalent among women infected with (42%) or treated for (35%) N. gonorrhoeae than among similar men (20% or 19%). The higher prevalence of chlamydia among gonorrhea-infected women compared with men has been reported elsewhere (14, 15, 17, 20, 21) and may have several explanations. First, because asymptomatic gonococcal and chlamydial infections are more common in women than in men (27), infections in women may be more likely to persist, providing a longer period during which a woman infected with one organism could acquire an infection with the other. Second, acquisition of infection by a woman or transmission from a man may be enhanced in the presence of co-infection. Third, as gonorrhea rates decline, women with gonorrhea may be those whose positions within sexual networks (28) place them at higher risk for exposure to C. trachomatis. In fact, across clinics in our study, the risk for chlamydia among women with gonorrhea compared with those without increased as gonorrhea prevalence decreased (data not shown). Coinfection, particularly in women, may represent a large proportion of infections in communities where prevalences are low. In part for this reason, the overall prevalences of chlamydia, gonorrhea, or both may not be reliable indicators of the prevalence of chlamydia among gonorrhea-infected patients.
Our study has several strengths. We demonstrated high chlamydia prevalence among patients treated for gonorrhea in five cities with geographic diversity and varying gonorrhea and chlamydia prevalences. Our large sample of patients infected with or treated for N. gonorrhoeae and the use of amplification tests for diagnosing chlamydia allowed a more valid estimate of chlamydia prevalence than previous studies (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) . This is one of the first analyses in which chlamydia prevalence has been determined for clinically relevant groups of patients treated for gonorrhea, including patients with gonorrhea-infected sex partners.
Our study also has limitations. Although only 43% of eligible patients participated Project RESPECT, participants were similar in age, race, ethnicity, and education to those who declined participation (22) . Participants were more likely than those who declined to be women, to have an STD at enrollment, and to have been previously tested for HIV infection (22) . The first two differences are unlikely to affect our results regarding co-infection, since our data were stratified by sex and based on patients infected with or treated for gonorrhea. We may, however, have overestimated overall infection prevalences in the clinic populations. We cannot speculate on how differences in HIV testing history might affect our results. Taken together, we believe that our results regarding co-infection are representative of the clinic populations. We studied only heterosexual patients in STD clinics from 1993-1995; as discussed earlier, chlamydia is common among other groups of patients treated for gonorrhea more recently. The lack of consistent clinical criteria for the diagnoses of mucopurulent cervicitis and PID could have led to an over-or underestimate of chlamydia prevalence among patients treated for gonorrhea. Nonetheless, we believe that the use of the clinicians' presumptive diagnoses reflects clinical practice and is unlikely to change meaningfully the prevalence of chlamydia among patients treated for gonorrhea.
Chlamydia remains common among patients infected with and treated for gonorrhea across a wide variety of settings. There may be some settings, subpopulations, and geographic areas in which the pattern of co-infection is lower than those reported here. In particular, more data are needed from primary care settings, older heterosexual men, and homosexual and bisexual men. However, unless studies in a specific site suggest otherwise, co-treatment remains an appropriate standard of care.
As infection prevalences and testing technology and availability change, chlamydia prevalence among patients treated for gonorrhea should be monitored. However, the stability of co-infection rates over time (4% to 48% among men and 16% to 63% among women during the 1970s and 1980s [29 -53] ; 9% to 50% among men and 24% to 67% among women from the mid-1990s to the present [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] ) suggests that they may change more slowly than rates of gonorrhea or chlamydia. At least in STD clinics, chlamydia prevalence among gonorrhea-infected patients may be a suitable proxy for the more clinically relevant prevalence among patients treated for gonorrhea. As more accurate, less expensive, and rapid chlamydia tests emerge, they may affect the importance of co-treatment as a clinical and public health strategy. The high prevalences of chlamydia among men and women without treatment indications for either gonorrhea or chlamydia (7% and 9%, respectively), even if slight overestimates, further underscore the value of research on the cost-effectiveness of various approaches for diagnosing and treating chlamydia.
Chlamydial infection remains common among patients at STD clinics who are treated for gonorrhea. Unless chlamydial infection has been ruled out with highly sensitive tests, co-treatment for chlamydia in all persons treated for gonorrhea remains an important and appropriate standard of care.
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